Objectives Diabetic foot ulceration (DFU) is a common and serious complication among diabetic patients. A medical device has been developed to prevent the occurrence of DFU. The aim of this study was to investigate the willingness to pay (WTP) for this device among the general public in the UK. Methods A contingent valuation survey was administered to 1051 participants through an online survey including questions on socio-demographic characteristics, self-reported health, knowledge of diabetes and medical devices, and WTP. A two-part model was used to analyse determinants of WTP, including a logistic model in the first part and a generalised linear model with a log-transformed WTP in the second part. Results More than half (55.9%) of the participants expressed a positive WTP. The annual mean (standard deviation) and median (interquartile range) WTP values were £76.9 (69.1) and £50 (80), respectively. Older age, middle-level education, good/excellent self-reported health, visiting doctors once/2-5 times, diabetes experience, medical device experience and more than average self-perceived likelihood of using similar devices were associated with a higher likelihood of willingness to pay. Younger age, male gender and higher household income were associated with higher WTP values. Conclusion This study demonstrated that people are willing to pay for this device and they tend to contribute when they have experience of diabetes or similar devices and perceive self-benefit.
Introduction
Diabetic foot ulceration (DFU) is a common and serious complication among diabetic patients, with an annual incidence of 1-4% and a lifetime risk of 15-25% [1] [2] [3] . Because it is usually diagnosed late and difficult to heal, DFU may become chronic, and substantially increases the risk of becoming infected [4] . In situations where a DFU becomes infected, limb amputations may result, causing significant morbidity and psychological stress, negatively affecting patient's quality of life [5, 6] . So early identification of DFU and prevention of ulcer complications is of great importance and would lead to effective DFU management.
It is acknowledged that there is a relationship between plantar tissue pressure and ulceration [7] [8] [9] , and therapeutic footwear and custom insoles have been developed and have demonstrated reduction in DFU recurrence rates [10] , but these are passive strategies and it is not easy for patients to self-control their foot pressure. On the other hand, a recent systematic review concluded that the increase in skin temperature would be predictive of foot ulceration [11] , so temperature monitoring may be an effective way to predict and prevent DFU occurrence. Taking these factors into account, a medical device could be developed in the form of a shoe insert to monitor the feet of people with diabetes, as well as reduce their plantar pressure, in order to enable early detection and active prevention of foot ulceration. A prototype active shoe insert has been developed, which utilises discrete temperature sensors located at eight plantar sites most susceptible to DFU and can operate for 10 h [12] . A novel version is under development and the new system will have up to 60 discrete temperature sensors embedded in a 3-to 4-mm thick insole, which will interface with a miniature hub housing electronics and wireless connection to a smart watch to provide biofeedback to the user. The costs of this shoe insert were estimated at £150.
As a similar device for diabetes care is not available in practice yet, valuation of this shoe insert is needed to understand the perceptions and attitudes of consumers. Willingness to pay (WTP) is a widely used approach to valuing services not available in traditional markets by constructing a hypothetical but realistic scenario; it measures the consumers' maximum WTP if the services existed [13, 14] . In countries that provide a universal healthcare system, e.g. the UK, the healthcare budget comes from a combination of compulsory insurance and tax revenues, so the general public's WTP for a specific service should be investigated and considered. One widely used method is the contingent valuation method (CVM) , which utilises open-ended questions to ask respondents to state their maximum WTP for the service. CVM has been increasingly used in WTP studies on different aspects of health and healthcare [14] [15] [16] [17] [18] [19] , but to the best of our knowledge, this method has not yet been used in studies valuing medical devices. Moreover, medical technology is a new and developing field with numerous pilot implementations, all in an attempt to achieve increased access to healthcare and technology [20] . Understanding consumers' WTP would provide evidence for preferences of the public, explore the potential feasibility for health funders to fund it, enable further cost-effectiveness assessment and contribute to development of the business model that can be used for scaled-up implementation in clinical practice.
Therefore, in this study, we aimed to investigate the WTP for this new medical device among the general public in the UK and assess the impact of socio-demographic and healthrelated determinants on individuals' WTP.
Methods

Data
Participants were recruited using Research Now, an online market research company, in December 2016. This research company has access to a panel of over 600,000 UK residents, who have opted in to be part of the panel through a 'byinvitation only' method. Only pre-validated individuals are invited and they have the option to unsubscribe at any time. Panellists are rewarded for taking part in surveys, which is normally via 'points', and once they reach a certain number of points, a voucher is sent to them. In this study, only adults (aged 18 years or above) were eligible. Data were collected through an online survey using a structured questionnaire (see Appendix 1, Online Supplementary Material, for the full questionnaire). To ensure the data quality, the fieldwork was conducted first to test the questionnaire and gain initial feedback. After checking the interim data, the full survey was launched to achieve the target sample size. Past experience of the online research shows that respondents who complete the survey too quickly (less than 30-50% of median time) are likely not reading or answering the questions appropriately [21] , and, therefore, in this study, we removed responses from the 'speeders', whose completion time was less than 30% of the median length of the survey identified across the entire sample. Finally, a total of 1051 subjects were recruited.
In the survey, socio-demographic characteristics (age, gender, ethnicity, marital status, educational level, employment status, religion and annual household income) were first documented. Second, the respondent's self-reported health was measured on a five-point scale (excellent, good, average, poor and very poor) and the number of doctor visits in the past 12 months was recorded as four categories (never, once, 2-5 times and 6 times or more). Third, respondents were asked whether they or their close family had personal, first-hand experience of diabetes and then how they perceived their own risk of ever getting diabetes using a three-point scale (more than average, average and less than average). Fourth, their experience with similar medical devices was questioned as follows: "Have you or anyone in your close family ever had personal, first-hand experience of using a diabetes medical device, e.g. blood glucose meters, insulin pumps, continuous glucose monitors? Yes/ No/Don't know" and their self-perceived likelihood of needing to use such devices in the future was questioned with: "How would you describe your likelihood of needing to use diabetes medical devices?" and rated using the three-point scale (more than average, average and less than average).
Then, all participants were presented with the detailed information on the shoe insert and a picture of a prototype, shown in Fig. 1 . Last, questions about their WTP for this device were asked. Respondents were first asked if they would be willing to contribute in the form of extra tax and then if they would be willing to make a voluntary donation for the use of this device among diabetic patients. If people answered yes to either contribution question, they were asked to choose one from the annual WTP value categories (under £150, £150 to under £200, £200 to under £250, and £250 or more) and then to give an exact number of the amount they would like to contribute. The WTP value categories were determined based on the estimated costs of this device and £50 increment per category. After the WTP questions, respondents were asked to give the reasons why they were willing to contribute. If individuals didn't answer 'Yes' to any of the two contribution questions, they were asked follow-up questions to identify the reasons for not being willing to contribute.
Statistical Analysis
Characteristics of the participants were described using mean and standard deviation (SD) for continuous variables and frequency and percentage for categorical variables. For individuals who didn't answer 'Yes' to any of the two contribution questions, the WTP values were recorded as 0 and then WTP responses were transformed into two categories, positive-WTP versus zero-WTP. Among those who were willing to pay, the mean (SD) and median (interquartile range [IQR] ) values of annual WTP were calculated.
Chi-square tests were used to assess the significance of WTP responses (positive-WTP/zero-WTP) and the factors collected. As there was an important proportion of the whole sample (44.1%) reporting zero-WTP, special attention should be paid to handing these zero values. In this study, we used the two-part model, which has been widely used in statistics and econometrics literature [22] [23] [24] [25] and has been shown to have some desirable features in addressing the ceiling/floor effect of data [26] . The first part of the twopart model was a logistic regression for the probability of achieving the positive WTP values on the entire sample. The coefficient of the reference group was set to be 0 or the odds ratio (OR) was 1. A positive coefficient (or OR > 1) suggests that the variable increases the likelihood of willingness to contribute, while a negative coefficient (or OR < 1) suggests that the variable decreases the likelihood. The second part was a generalised linear regression of the log-transformed WTP values for respondents whose WTP value was positive. Log transformation of WTP values was used because of its positively skewed distribution. The exponentiated coefficient was the estimated OR, corresponding to changes in the ratio of the expected WTP values conditional on having positive WTP values in the second part. Additionally, the Tobit model has been shown to perform better than linear regression models when there are substantial parts of the sample with zero values [27] and is used widely in many WTP studies [16, [27] [28] [29] [30] , so we also used the Tobit model as supplementary analysis. The Tobit coefficients do not directly give the marginal effects of the associated independent variables on the dependent variable, but show the direction of change in probability of WTP and the intensity of maximum WTP as the respective explanatory variable changes [31] .
In the analysis of determinants of WTP, age was coded into categorical variables (young [≤ 45 years]/middle-aged [45-65 years]/old [> 65 years]) and self-reported health was re-coded into four groups (excellent/good/average/poor or very poor) due to the very few observations in the category 'very poor' (1.05%). All factor variables included in this analysis are described in Table 2 . Data analyses were performed using STATA 14.0 (Stata Corporation, College Station, TX, USA). A p value of < 0.05 was considered statistically significant. (Table 1 ). In total, 588 (55.9%) respondents expressed a positive WTP value and 463 (44.1%) expressed zero WTP. Of those willing to contribute, 478 (81.3%) preferred to pay less than £150. The mean (SD) and median (IQR) WTP amount was £76.9 (69.1) and £50 (80), respectively. The most two important reasons for WTP was I/household member might benefit and The programme will improve health; the most frequent reason for not contributing was The users should pay. Table 2 shows the respondents' characteristics. The mean age was 45.9 (SD 16.6) years; 536 (51%) were females; 926 (88.1%) were Caucasians; 661 (62.9%) were married or living with a partner; 320 (30.4%) had a Bachelor's degree or higher; 691 (65.7%) were employed or self-employed; 56.5% of the respondents had an annual household income less than £32,000; 71.6% rated their own health as good or excellent and 57.3% of respondents visited a doctor only once or not at all in the past 12 months. With regard to knowledge and risk perception of diabetes and medical devices, 58.4% had first-hand diabetes experience and 77.0% considered themselves to have average or more risk of developing diabetes; 42.8% of respondents or their family have used a diabetes medical device and 70.4% considered themselves to have average or more likelihood of needing to use such devices. and there were more males, with higher level education, and employed/self-employed in the positive WTP group. There was no significant difference in self-reported health between the two groups but there were more individuals who visited doctors once among those with positive WTP while more individuals who never visited a doctor were in the zero WTP group. Regarding the experience and self-perceived risk of diabetes and medical devices, there were more respondents having diabetes experience, considering themselves to have more than average risk of developing diabetes, having used similar devices, and considering themselves to have a more than average likelihood of needing to use similar devices among the respondents willing to pay than those not willing to contribute. Table 3 presents the results from the two-part model. In the first part of logistic regression, the following factors were associated with higher likelihood of WTP: old age, middlelevel education, good or excellent self-reported health, visiting doctors once or 2-5 times, diabetes experience, medical device experience, and more than the average self-perceived likelihood of using similar devices, compared to the corresponding reference levels, i.e. young age, low education, poor/very poor self-reported health, never visit doctors, no first-hand diabetes experience, no experience of such device/ don't know, less than the average self-perceived likelihood of needing to use such device. In the second part of the model, there was an 18.2% decrease in WTP values for the middleaged respondents than for the young ones. Female had 18.9% lower WTP values than males. Compared to respondents with annual household income < £19,000, the WTP values are 35.3% higher for those with annual household incomes ≥ £64,000. Tobit shows that the following factors were significantly associated with a higher probability of WTP and higher WTP values: male, middle-education, excellent selfreport health, visiting doctors once or 2-5 times, diabetes experience, medical device experience, and more than the average self-perceived likelihood of using similar devices, similar to the results using a two-part model (see Appendix 2 in Online Supplemental Material for details).
Results
Stated WTP Values
Sample Characteristics
Determinants of WTP Values
Discussion
By presenting people with this newly developed medical device and asking them to value it if the device was available in the market, more than half of the respondents showed willingness and the mean annual WTP was £76.9, indicating this new device was considered worthwhile by respondents and they did value it highly. Since there is no similar device available in the market, the high willingness to pay suggests that there is a strong need for similar medical devices and thus more research should be undertaken in this field.
Some socio-demographic factors, such as age, gender, education and income level, were significantly associated with WTP. Compared to the younger respondents (aged 45 years or less), the older (aged 65 years above) respondents were more willing to pay for this diabetic device, but this was not the case with the middle-aged (aged 45-65 years) respondents. The association of older age and increased preference has been observed before [16] . This is in agreement with the idea that a high self-perceived benefit from this device could be a strong reason for WTP; the benefit would be higher for older respondents than for middle-aged or younger ones. Among those willing to contribute, the WTP values significantly decreased with age. One possible explanation may be that old respondents are less well-off than their younger counterparts [14] , and thus they could not afford a high WTP value although they would like to contribute. Similar to many previous studies [32] [33] [34] [35] , we found gender-related differences in WTP values. This gender effect may be explained by the different roles and responsibilities of males and females that are socially determined [35] . Women are usually given primary responsibility for household and domestic labour while men are much more closely identified with the public world, including activities regarding waged work [36] . Due to these social and economic differences, it is possible when assessing the value of a health service in monetary terms that the female respondents Values are n (%) unless otherwise specified tended to give a lower WTP value than the male. Education was also a determinant of WTP responses. Respondents with better education were more likely to make a contribution. This finding may result from better educated people being able to better understand the value of this device [32] , and therefore they would be more likely to accept it. Probably due to the secondary effect of income, a higher education was not found to be associated with higher WTP values, contrary to findings in most other studies [17, 32, 33, 35] .
Respondents with a higher income had higher WTP values, which appeared to be logical as higher income levels enable respondents to spend more money on services they value. Income has often been reported to be a proxy indicator of ability-to-pay in previous WTP studies [14, [37] [38] [39] .
The health-related variables, prior experience of diabetes or similar medical device experience, and self-perceived likelihood of needing to use similar devices were significantly associated with probability of WTP, but not with the WTP values. Respondents with better selfreported health were more likely to contribute than those reporting their health as poor/very poor and compared to those who never visited a doctor in the past 12 months, participants who have visited their doctors were significantly more willing to pay. The self-reported health and number of doctor visits variables could partially reflect the level of care about health. Those with excellent selfreported health may be more likely to be incentivised to promote this new medical device to help diabetic patients Reference categories used in regression are young (≤ 45), male, Caucasian, non-married and not living with partner, low education, unemployed, Christian, annual household income (< £19,000), poor/very poor self-reported health, never visit doctors, without first-hand diabetes experience, less than average self-perceived risk of diabetes, without experience of such devices/don't know, less than average self-perceived likelihood of using similar devices
The level designated as the reference has a coefficient set to be 0, and odds ratio set to be 1 *p < 0.05; ** p < 0.01; *** p < 0.001 live better, which is supported by the two reasons for contributing, 'I/household member might benefit' and 'Other people will benefit'. Regarding the number of doctor visits, those who have never visited a doctor may care less about their health, so they would be less interested in the development of a new healthcare technology and, consequently, they were less likely to make a contribution for the device in this study. With prior knowledge about the disease and in recognition of the value of this device by using similar ones, the respondents were more willing to contribute toward it. If personal benefit was perceived, the probability of WTP also increased. As there was no example for the medical device investigated in this study and the majority of respondents had no experience of similar devices, it is more likely that they would revert to personal need as the main determinant of WTP. This study is among the first to use WTP methodology to explore public preference with respect to medical devices in diabetes care. The findings would help the providers of this device and other similar services and potential funders to develop an understanding of the potential market. The results clearly demonstrate that personal characteristics would affect WTP, but the more important determinants are how the general public rate and care about their own health and the "value" derived from the device, based on their experience with diabetes and similar devices, and their expectation of using it in future life. Such results might have important implications for the device providers, showing that a more active role could be adopted to promote the public's understanding of the effectiveness of the device. Additionally, the results provide an important component to the economic business model of this device for marketing application. For example, determinants identified here could be used to define the target consumers if this device is aimed to be covered by insurance.
In this study, WTP data were analysed using the twopart model, one of the preferred approaches in handling data with a ceiling/floor effect [40] , which would provide better estimates of the respondents' preference, as well as identify significant determinants of both probability of WTP and WTP values.
There are some minor limitations to this study. The open-ended question format of the WTP value may introduce bias because respondents tend to give a number towards the median [41] , although the WTP value categories and open-ended question about the exact WTP value were used to reduce such bias. Moreover, participants were recruited from an online survey, which may be biased to the well-educated and young respondents as the Internet would be more accessible to them. Therefore, interpretation of the results should take into account these limitations.
Conclusions
For a newly developed medical device that would enable early detection and active prevention of foot ulceration among diabetic patients, the general public considered it worthwhile and some socio-demographic characteristics, their experience with diabetes or similar medical devices and self-perceived benefit from it were important determinants of their WTP. Given the high preference and lack of such devices in markets, this study provides vital information on public preference and how they would vote for allocation of resources to this device.
